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Relative intensities of spectral lines in the 
sodium isoelectronic sequence are presented, Results 
are presented for ions of calcium, iron, zinc, 
krypton and molybdenum for transitions between the 


n= 3 ann= } levels. 
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zt. Introduction 

The spectral emission features observed from high temperature 
plasmas can provide a wealth of information on conditions within the 
plasma. For plasmas of moderate densities the low lying excited state 
populations of highly charged ions are governed by electron collision 
and radiative decay rates. Once the level populations are known it is 
possible to establish the plasma temperature and density by spectroscopic 
techniques, One such method is to determine the intensity ratio of 
selected spectral lines, 

In this report calculations have been done for spectral line ratios 
that exhibit a strong density dependence. Results are presented for the 
sodium-like fons of calcium, iron, zinc, krypton and molybdenum for 


transitions between the n = 3 and n = } levels. 


II. Results and Discussion 

Relative intensities of spectral lires in the sodium isoelectronic 
sequence presented in this report are derived from the electron-impact 
collision cross sections and transition probabilities given in a previous 
paper.* In the calculation of relative intensities we have ignored the 
splitting of all levels in all ions and therefore our results do not 
represent relative intensities of individual lines but rather the relative 
intensities of multiplets. 


Collision strengths ( (3s,3p) and Q (3p,3d) for Zn XX, Kr XXVI and 


Mo XXXII were obtained from Table } of ref. 1 using the relations 


es 


Q (3s,3p) = 2 sy» PP iy ) +9 Gsy » Pay)» 


Q (3p,34) = Q Ory» 3a) +2 Psy,» 3a) . 


The corresponding transition probabilities were recalculated from values 
in Table 3 of ref. 1 for the center of gravity of the 3p term, The 
effective wavelengths of the multiplets adopted in our calculation are 
given in Table 1. 

Recently Burkhalter et at,* identified a number of spectral lines 
of Mo XXXII. Our extrapolated term values (see ref. 1) agree with 
observed values within 1% except for the 3d term where the difference is 
2.5%. The effect of this change in energy levels on line intensities is 
practically negligible with the exception of the 4f£ - 4d transition. 

The observed energy difference for this multiplet is 21% smaller than 
our extrapolated value. 

A subset of the equations of statistical equilibrium for the popu- 
lation of atomic levels with principal quantum number less than n = 5 
were solved with the assumption of an optically thin plasma. The excited 
level populations were determined by a balance between electron colli- 
sional excitation and electron collisional de-excitation and spontaneous 
radiative decay, All density effects on atomic levels and on collisional 
cross sections were ignored, In particular, multiple collisions were 

neglected as were contributions from ionization and recombination pro- 
cesses. 

In an optically thin plasma, the intensity of a spectral lire corre- 


sponding to the transition between levels i and k is given by 


-3- 


at 
Ty = Cm) Ny ALY Egy 


where Ny is the density of atoms excited to the level i, £ the length of 


the emitting colum, the coefficient of trmsition probability and 


Ay, 


E,, the energy of the emitted photon, 


ik 
Relative intensities of multiplets nf - n'g' with respect to the 
3p - 3s transition are shown in Tables 2 - 26 for ten creas of the 
temperature T (kI given in eV) and ten electron densities (LOG N ‘iii 
log Ne and N. is given in em}, The intensity ratios are shown in a 
semi-logarithmic form (e.g. 7.23-05 means 7.23 x 10> etc.). 

The dependence of some typical intensity ratios on electron density 
at one representative temperature for each fon is displayed on Figures 
1-5. . 

Using a similar method, Feldman et al.” and Feldman and bone” 
obtained the ratio R= TI ds), - 5Pay) / 1 Gray, _ “say) for Fe XVI as 
a function of electron density. Their results may be compared with our 
values assuming that the population of individual J - sublevels of the 
nf level is proportional to the statistical weight 2J +1. We find that 
our curve representing the ratio R is shifted to lower values of = as 
compared to curves in ref. 3 and 4, so that electron densities derived 
from a given ratio R are slightly smaller if our results are used, The 
disagreement is most pronounced around N, = 1018, where our curve gives 
the electron density about two times smaller. The difference is probably 
caused by higher excitation cross sections used in our calculation, 


BD gtd 


At electron densities about 10° cm~, the screening effect of free 


electrons on atomic levels can not be neglected and our results for 


wiles 


ee oe 


relative intensities should be regarded as a limiting case. Also, at 


such high densities the optical depth of resonance lines may not be neg- 


ligible even if the emitting region is very small. In this density regime 


the results presented in Tables 2 - 26 should be applied with caution. 
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TABLE 1 


Adopted effective wavelengths (A) of multiplets. 


j Transition Ca X Fe XVI Zn XX Kr XXVI_ ss Mo- XXXII : 
3p ~ 3s 565.06 543 48 267.70 191.46 141.82 
3d ~ 3p 417.08 259 .00 205.94 156.67 123.76 
ks = 3p 152.62 63 th 41.57 25.19 16.87 
hp = 3s 111.04 50.42 34.12 21.26 14.47 
hp = 3d 206.95 76.56 48,28 28.23 18.52 
hd = 3p 123.49 54.53 36.55 22.62 15.35 


he - 3d 167.00 66.53 4.2.66 25.49 16.93 


hp = hs 1476.3 862.94 | 661.74 475.09 354.67 
hd = hp 1151.9 707.06 558.11 416.77 D255 0D3 


he = hd 3474.7 1664.3 1071.5 711.04 505.23 
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6.71902 1,64%=02 
0.90892 2.17892 
BIA? TlL3lnd2 
347ml SL 7ARe0] 
3.06400 5.53400 
1.1849) 2.13401 
1,024%} 2.93401 
1,608401 3,044] 


NPe3f) 


437903 
439203 
456093 
6.2103 
2.c=02 
1,75=9} 
1,605490 
6,12+00 
8,26400 
8.56400 


4,69=893 
4.71203 
4 E703 
6,47403 
2,.19%=02 
1,7e=01 
1.65400 
6, 36400 
874400 
9,08+00 


apesr 


1,9& 2 
1,96=-02 
1,99=02 
ee sere 
7,03=02 
1.109400 
1,35+01 
5.12401 
6,93+01 
7518401 


299-02 
2.09"02 
2.12202 
2.4602 
7.95=02 
1,07+00 
1.36701 
5,36+01 
7.38409} 
7.67401 


uFe gf 


3, 83202 
BF sefe 
3, 90202 
4 Alte 
1,55-1 
3, 144on 
4,144} 
1,584%2 
2,134 
2 cite 


HW a3en2 
4 dele 
4 10992 
4 Aveve 
1,54-01 
308400 
Geet 
1.,66+92 
2.2842 
2.57402 


UPeas 


2.83205 
2. 84eNS 
2.75205 
4.02205 
1.42204 
1.13203 
1.07292 
3.96-02 
5235-92 
5. 54enh2 


3, 04eN5 
3.05295 
3.15205 
4.19205 
L,4eeus 
1.129403 
1.0702 
4,12-02 
5, 66"%2 
5.8802 


apeak 


8.13205 
Bl1S)nS 
Beh RUS 
967205 
2,Fee\4 
4,583 
5.61202 
2.132%) 
ebay) 
2.990} 


B® o7=08 
6 ,69!9N5 
882-05 
1,02e(4 
2,93e04 
446013 
5,64-2 
2,.e3=01 
3, 07294 
3.19201 


uk eal 


640097 
b,a)en? 
6.52007 
77,7127 
2 DIe06 
§, 24005 
€,%eeud 
2 hsens 
3.5705 
R728 


6.73207 
6, 74et7 
6, F6<0T7 
Bye sen7 
2 oF eM6 
§,14=-05 
6, 99204 
277203 
3.1203 
3.962093 


soe nee eee 


a a re rm ae ee ee me me ee te et 6 ko eee ew es ore + so ed wie 6 obs 46 pe nee ee eee a So 


Ee NNT RE Se 


TARLE 7 


IRON xVIT 
INTENSITY PATIC Ith L = tie ysT03P © 38) 


TCEV) LAG NH S0e3P = uSe3P UWFe$S UF e3D Une P AF e3D = =uPet§S Deu 4Feal 


So 14 A572 3,51 203 4 3He0d 1, be0K BL25=204 124003 2, 94007 S,35207 9, 3t 09 
39 «695 Gobel 2 3.32003 445904 1,08 004 B,29804 1.25403 2,0AMO7 S.3Set7 9,42 29 no 
So 16 5.3572 FL 35 as S324 129M BLT HON 130 Od 2dIMNT FS 62207 9,94 Wd 

So 17 Vee Pent 3.6% 03 1.40903 B40994 1.33203 2.14905 6.54007 F,62007 I ecard 
So 616 Oban] T4003 G,PUMRMZ 2.39903 GM, ABW03 1.93992 4.60906 6,38 eH 1,40"97 
So 19 1,594°U U.7ReN2 BLG1=M2 2.17202 1.63901 Z,61e11 4179S 1,05"14 273-06 
Sy 20 1.90490 3,54eC1 OLE7=91 1.67901 1.47400 B,434C0 Sel ]nd A,5%end 2,599N5 
au «6&4 1.9440 $,36400 2.27409 5S,52-0) 4.96400 LL17HOL 1,COHeNs 3.21203 Fe SeNS 
Sy 6 L.954"y 1.52400 2.96490 7.1999] 6.49400 1,593401 1.38903 419903 1LLbwn4 
Su 2s 1.95400 1,564 3.05400 7.42201 6.69400 1.58491 1.43003 4.32003 1.19904 


75 «#14 O.17!92 1,16 e902 1.81993 ALU e04 3.65203 Slo2—"3 2, 4Be7 2.35006 42-08 
7S «645 6,259") 1.16902 1,hUHNs 4 4BMDU 3.66203 5.65993 B,b61997 2, 3beo 4,2 -e 
75 10  7eUheN2? 1.17202 2,13403 5.17204 3,A 2203 5, 92203 9,9 ONT 2,47 HONG 4 UT e0R 
75 17 14999 1,27 eMS 4.96903 1.20003 8.54003 Gib0N3 2.72006 3,58eth HR4end 
; 75 18 = 7, 3821 2, 56002 3.25202 7.90003 $,54"02 TL 17H? 1.52205 2.29405 5, 41907 
75 19 2, VASCU 1.4400) 2.92801 7.19902 S,92201 LL 3hH0U 1,374 Z,b2e0g 1, 0U!NS 
75 20 2oD948U 1.1000 2.35400 5.70901 5.63400 1,38401 1.19903 3,64ens J yudena 
ts #1 2.064UG 4.U0400 BL57400 2,UR400 2.1040) S,2140) 4.01903 1.36292 3.94004 
7S 2.679 S.4SeeG 1.17401 2.84400 2,8840) 7.14401 5.47203 1, 86202 539-04 
75 23 207TH S.6640u 1.21901 2.95400 2.9940) 7 deol 5.68903 1,93=92 S,oveta 


tee 
—- a ne ne 


TABLE § 


TRON xVI 
INTENSITY RATIC Tm Le HTLY)/ICSP = 358) 


TCEV) LOG " 3beRP USe=%P UP e3S apesn 4petp UFe3N UP eds Uf sup uF eut 


| joy 14 Pel7od2? 2,13902 3,77 903 917904 7, 66203 1,18 992 1, 769M A DWMelh © 92208 : 
| Yeu 15 TeebOX2 2. Jben? Z,F P03 9, 29904 7.69903 1,19! 1,796 ML IbeNh FL IMEe0B e 
1ey 16 Bellet 2 2.35902 4 F22NF 1LG5903 Ti 9ReId LY PUele 2,26 S,WG!eth 4, 85eNB 
fog 7 Looser t 2.32202 9,2U003 2.2% Lye12HC2 1 Asen2? AL32e06 7,259 1,56 o07 
nv 18 77309) ALLPH? S720] 1,39902 6,49M02 1,355991 2.6705 4.19905 Lenore 
Yoo 19 [637TH 2.41 e61 S.11]901 11,2403 1.08400 2 .avedy 2,399 04 6,98 ety 1 9605 
You 2U SLUSH U L,APFOU 4621409 1.024% 1.07401 2.69401 1.97203 6.91903 Oh dens 
Jou et S,1IteG 7.31409 1.64401 3.99400 4.27401 Llvbs0e 7.68803 2,72 &L,19964 
) loy ee 3.12690 1LeU34O1 2.32401 S,6440y 6.05401 1 54402 10h 02 3,919? J 169038 i 
1¢9g0— 83 3.134068 1.08401 2.42403 S,ER499 O 31401 1lote22 1,13"92 4 C7e02 1 21903 


{Sy 44 835292 F,87% 92 809903 1.97203 1, 60402 2, 4del2 3,798"06 1,C4eNS 1h 4007 
1Sy 15 Be4Ua2® F,E7o02 BLL 7203 1,99903 1,64 9F2 2,45eN2 3, 82006 1,04—9n5 1, 85907 
1S0 16 F292 BLI90MNS? B6999N% 2.18803 1.67202 2.55902 4, 20096 1, 0h905 1.92007 | 
1Sy 17 Pe7OOCL 4eLbH02 1.71202 4.15403 2,26=92 3 6992 7,9F 06 1, 46905 2, 72097 
? 15y 18 Be52=—"1 7TeU2—-02 FP,63902 2,34902 1.14801 2.33201 4,50205.7, 3805 1, 76000 
1Sy 19 2.0640) 3,091 8 SH"01 2.07901 1.87400 4.65400 3,99904 I eters 3, 51295 
159 20 3.57400 3.11490 7.26490 1.76400 1,95401 S.edert 3,4M993 1.2692 3,P19]804 
; {Sy 21 Z.O4*00 1.351401 3.09401 7.51400 8.51401 2.22492 1.44902 S,49e02 1 67205 
1S) 22 3.0649) 1.95401 4.59401 1.11401 1.27402 3.30402 2.15902 8B, 1h 92 2,N9—08 
159 23 3.606400 2.05401 4.83401 1.17401 1.33402 3,474] 2.26002 88,6999? 2, 02203 


— — a a 


TAPLE 9 


ae i 8 


| as 
IRAN yVI | 
INTENSITY PATIS. TC L © HL sTC3P = 38) 


TCEV) LOG oo Be ¥P 4USe=%pP UP =e 3S uPe3sf un=3P UF = Sf 4eeuS ane ye 4k ei" 


sl ie Sits 


205 14 Fy OHHNS SLLS HMA 1,21902 2,9F203 232202 BATH? Spo4eNG 1,5%05 22007 
200 35 FP UFHO2 SL15992 1.622202 2. 9OH03 2, 53902 SF, 4F ote S.O9e6 1.5195 eyndsetT 
eng 16 9.FP ONS S.19HM2 9232202 B.2020$ 2eh0H02 Zoi CS 0,169 1,5529"5 2, 7eedT 
20) 17 LBP] S254 902 C3199 S$, 62293 3,192 49TH 1,98 9N5 OM RNS $$, 75007 
20y 18 Baw lt Ieee? $,21901 2.95900 1 NbeMht 2. 9b 903 5.67905 9,595 2,25" 
2en 39 J89FD 47T%eOL 1207400 2.69901 2.37400 BLL th 4L99!9NG 1653003 HS 5eNS 
200 20 S.7T7TH98 S.8R E00 9,284OY 2.25490 2.56491 672401 4.34293 1,605e02 Si Tenu 
20) 2 3.75 eh 0 L73HCL ALLA eed 1602401 1218402 3512402 1,95 9N2 TFT bSe02 2, S603 
2ey 22 S.9HeYy 2.674) SL4H4Ny 1.56401 1.83402 GLB54Ne ZS,Utere L thent 3S ,eSen3 
en) 23 3,9047C A2,024Cl GLATFHOL LLES4O] 1,94402 Sl14l 2 By 1b ]eM2? 1,25eN§ 8, Hb ods 


25G 14 9.4192 GLUT HN2 1.55202 3.76403 2.90902 4 26e92 T,24e0& 1.87205 3,P1eN7 
25y 15 GHNFeN2 0B eM 1.56002 3.79493 2.91202 AL 2TH? TL 29006 1,FRHCS 3,72 07 
250 16 PeOS\9l 1 OLLl]e2 1.67492 YibeNs BLN0—02 ALM1e92 7.81906 3,93205 3, 35e07 
25) 17 L,81e1 O,4Be62 2,77H02 6.74903 3.91902 S 97HG!) 1.350205 2.95295 AL Se7 
25 y 18 Beehot 1] Le03seNt 163701 3.32992 1.70901 3239291 6.359005 Lyetde4 2,Sb6e%6 
: eSu (19 Soh HG S,34eN] Leeeny 2.971901 2.67400 6, 87400 5,608 04 1.73203 St Ger 
250 20 35.954 436400 L06t0L 2657490 2.96491 7.86401 4.94903 1,93 202 S,935e04 
e5y al HeVNE0 2.03401 4.97401 1.2191 1.43492 3.81402 2,32202 9.25202 OF 7TeN§ 
25u ee 4.154900 3.22401 7,28401 1.91401 2.28492 OL vet02 3,6RaeNe 1.47294 4,57 eS 
250 23 HeASHOO BoA2401 BL37H0] 2.03401 2.42402 SO, 4Utl) 3.91902 1.56291 d,do~03§ 


; 
} 


er 


| 


a ee ee ee we ee ee 


IRON xVI 


INTENSITY RATIN 


TCEV) LOG "I 


3ry 
30y 
30v 
3ny 
3ny 
300 
3ny 
Sov 
30 
30 


350 
350 
35y 
350 
350 
35u 
354 
35 
35y 
359 


14 
15 
lo 
17 
16 
19 
ra) 
21 
22 
23 


14 
15 
16 
17 
18 
19 
20 
21 
22 
23 


Bi)@ SP 


9,67="e2 
9.752% 
1.952%} 
1,381!<u1 
6.109491 
2 894ey 
4 ,yudeNy 
4,2c4e"y 
42h ey 
%,2Reny 


9,86-02 
9, 9U=)2 
1,(7<€} 
1,829] 
7.9524 
2.90496 
4.31490 
4,33+¢00 
4.374" 
4,384 


6.7602 
6,7b6<N2 
of Nee 
7.1%? 
V,13e%] 
5. oP eo] 
4 o7T4en 
Cece] 
3,o4en] 
3 R940] 


7,282 
7, 2h et2 
7, 32—02 
7.72202 
1,19] 
5 oh eae 
u,bben4 
2.4040} 
3, 9F 44 
4.26401 


UP e335 


8402 
085202 
276292 
e13=02 
46-0} 
02h 490 
e144 
5.54401 
91+) 
o,eo1en4 


1 
t 
1 
5 
! 
! 
J 


2. heNe 
2.0902 
e,cin%2 
3,40=-%2 
1,.53=-%14 
1.32404 
1.1940] 
S$,97401 
9.99401 
1.96+92 


TARPLE 


Osh Le tte ty sy CBP = 38) 


UP e3N 


446003 
G49 HN 
4.77003 
7.99913 
3.56202 
3.1%-03 
2.77400 
1.35+01 
2.1%+04 
2.33404 


5,95"03 
5.08 =93 
5. 36=93 
826-03 
3,71=%2 
322-0} 
2.904090 
1.45401 
241494 
2.98404 


a 


UD=3P 


3.36202 
3.37202 
By47eN2 
4 ,4k=02 
1,.85-0] 
Paha n Zit) 
5.2eet0)} 
1.624% 
2.63402 
2.81402 


3,742 
3,75=02 
33,8502 
4,92=%2 
1,74=04 
2.95400 
3,449] 
1,754+02 
2.92492 
3.13402 


Affe 3 


4 Foe02 
NW RAS? 
5 uder2 
oTieVe 
3 64-91 
7, 4240) 
Boo3+%] 
N 32402 
7 deve 
7.51422 


553202 
$.35e¢2 
5.5teve 
7 2boNe2 
3.79201 
7.7649 
9116401 
4.71402 
7 83402 
8,39+9e2 


OP eS 


& 58-6 
P6326 
9,1& eNO 
1.46°905 
6,85205 
5.97204 
5.33203 
299202 
N,ele%e 
4 ,4Pn(K2 


9,716 
9,76<%6 
1,03205 
1.59205 
7,13-05 
6,19=04 
5.58903 
2.7902 
4,63=92 
4.96202 


4CesP 


2175 
2,18-r5 
2,20="5 
2 RF OGS 
1.1924 
1,64e03 
2.uUB-02 
1,04de0} 
1,70291 
1,81-"1 


2, 414205 
2, eats 
2,49205 
3.18205 
1.26804 
L,71=03 
2,20=02 
1.1321 
1,89—=} 
2.0220) 


ake gl 


B,e7e07 
Bynhean?7 
Bzu207 
Soren] 
e.7D204 
Bo eNS 
o,5)e04 
Bee ens 
Le | 
S,o7e03 


4,use07 
4, VGenT 
4 ,1e~en7 
5,44<07 
2. *be(0 
9.85005 
6, %2=<N4 
§,55e03 
$,%le03 
6.33203 


ee 


TARLFE 41 


IRN XVI 
INTENSITY RATIN T(t Loe M'L')/T03P = 38) 


TCEV) LAG  Be5P Ufe3P UP =w3S AF ef) Ul.©3P AFe3N AP eds ULeo iP uF ead 


Go, 14 MeL 76092 2 PRM? 5 54eNy GUS er? 1,07!e"S 2,olenS YU stey7 
8)y 35 7ebIe02 S.299N2 S573 Ui Nbe02 5 1,07#05 2,00*'5 4,32007 
4ny 16 TeT3oM2 241992 SL B7%0I% UL 16902 9,2 Letd-9S 2,697995 4 uSen7 
yy 17 YP R102 3.62892 8L79905 5,27 H02 22 2 669~CH Z,41 205 SAN eT7 
Sy = 18 T9P)Y Lee Hell 1.56901 3,60—Ne Ptr} : 7e31!905 1.se ees 2,93 006 
4o) 19 2.978490 529901 1.35400 3.28991 S,09+C 7 96S90 OSL eH4 1, Stes 6 0189S 
Sey 2) So17euy 49740 123491 OL oF40u 3,592401 97,53401 5S, 7Her3 719804 
4ny 21 45H 2L52401 6.29401 1.53401 1, 86402 SleN40e 2,94 eNe 3, 7b ey 
4Ov 22 4.45490 4.2549) 1.06492 2,58401 3215402 HLARFD2 497TH N2 Fi Oe et a) 
ny 23 4H4boeun UL56401 1.14402 2,774] 3.394NS 9,11402 5, 33202 6, 87093 


5906 L.ve|el Bb eRel 2 2.612992 6,33903 A4,S2e02 BATHS 1.22005 2 4.73297 
Seo Levdel 6, 2F a9? 2 62802 6,346803 4,53202 OF 298N2 1.222075 4.75007 
1.999" BL 32202 2, 7UHRI2 6.66993 4.64292 BO 4eNeF2 1,2 o0:5 : 4.87<07 
L,7Oe91L AL73202 39MM? 9, 5AMNZ S,R0M02 ALIS 1, 84095 6.25207 
TAGH0) 1.3000) 1.60501 3,88 HIP 2. FeNt 3595801 7,47 eS 2,986 
2.8Reyy O,ha91 1.37490 3.3280) 3.72400 9213400 O,390Nn4 6,13205 
Ne24400 S£C74H00 1.26491 3,06490 3.63401 9.95491 5, 89903 7,51094 
4N9t90 2.67491 671491 1.63491 2600402 5.41402 3,14902 H{ 4, 0FeN3 
4.55400 4.65401 1.17402 2.84401 3.50402 9, 46492 5S, UTere2 7,140eN5 
4.50400 5.02401 1.26402 3.07401 3.79402 1.02403 5.91902 7.71203 


ZINC XX 


INTEUSITY RATIC 


T(EV) LAG S 
Sy) 14 
Su 695 
Sv 6 
Su FF 
5S) 18 
ae OTR 
Sv 20 
Su al 
Su 2e 
Sy 23 
log 14 
loo 35 
You 16 
tay {7 
fou 18 
lou 19 
ley 20 
lou el 
100 22 
100 23 


1 


a = —- 


Ble 30 


53,4122 
3,43"92 
5 b9ei82 
o,192)e 
2 bRe{ 
9,319"4 
1,294 
1,34¢% 9 
1, 34404 
1,344 


5. %be(2 
O,6 Nae 
0, 34e'2 
9,08&="2 
3, fb6e%] 
L,52+uy 
(a ee AA) 
2,42tuy 
2.434190 
2.44400 


NS=@ Fr 


Ie oi) 
5, 1&en4 
5,219 
S thes 
at Aand 
S,o1=003 
2.7leC2 
1,57] 
SB. 1b0 (J 
eer ie! 


9, 520073 
9.33203 
9, 36203 
9.70 a03 
1,32-<%2 
5. C6e02 
3,851 
2643400 
5.764% 
6,08 40U 


TCis Lom RYLY)DAT CBP 


Upe3s 


7 ONeDS 
7.06205 
7.63205 
1. y4en4 
7.12204 
6.Se203 
5.71202 
3.33291 
6. 76<0) 
7 S499} 


1,71=<03 
1.72003 
1,212¢03 
2.75803 
1.2320? 
1.96=01 
9.51201 
6.235400 
1, 4R+M} 
1,.72+01 


TAGLE 


= 3S) 


WPe3l 


1,5129S 
eoe=05 
1,07295 
2 ER ANS 
1,53=94 
1,4%903 
1.23902 
7.17902 
1,450} 
1,52} 


3.67204 
3.69204 
3, 89204 
5.904 
2.01203 
2.ch=0e 
2.05°01 
1.34400 
3,18+00 
3.69409 


12 


Upe3p 


1,31804 
1.31204 
1,34ene 
1,605=<04 
6, M4ae04 
9.11205 
1.07201 
6,680) 
1,37400 
1.9540) 


3,65-03 
3.6503 
3.71293 
4.37293 
1,29=02 
1.7601 
2.29400 
1.55401 
3.73+01 
4.33401 


af e30 


1659-04 
1 Ores 
5] obo") 
eRe 
9, 9720d 
1.79002 
2,20—4 
1.42400 
2,90 490 
32640") 


423093 
NAMet 3 
1 93—03 
5.94993 
2.15% 
3, fk) 
5.135909 
3.70491 
AL91401 
1.04402 


sPeas 


1,65=96 
1,607#98 
1,80enR 
3, 16208 
1,08 =<07 
1,536 
1.3505 
7B eS 
1, 6904 
1,78evk 


4.03207 
4.06"07 
4.26007 
6, 49=N7 
fe 87 H06 
2.90895 
2.2504 
1.47203 
3.5003 
4.06293 


ac ef 


3,650°P 
3,65enR 
3, Pudenn 
4 OMe 
1.604207 
2,94=%6 
2.99885 
1,87<yu 
3, Feed 
4,ecbert 


1,92206 
1,02=06 
1.04204 
1.22206 
3.59806 
4.920205 
6,15"%4 
4 5Ua3 
1,u4=%2 
1,elen2 


aan thee cede bie 


af etl) 


3,62 eA 
BH e08 
3, 792% 
4 Yoo 
1.¢1-07 
2.712% 
3.65205 
Oe. tena 
6.8294 
7,77 eyu4 


ZINC XX 


INTEWSITY RATIA 


LAG 


14 
15 
16 
17 
1A 
19 
20 
et 
22 
23 


14 
15 
16 
D7, 
18 
19 
eg 
21 
22 
23 


T1992 
7.c3"%2 
7, 9ReND 
a ae | 
4G ,loet] 
1.73400 
2.76400 
2, 94490) 
2.974 
CIT H 


7.9%) 
7,750 
8,3? 
1,17=%1 
4 23~0) 
1,8240¢ 
3.62409 
Sle 0y 
3.27 +0U 


Y5e 3P 


2. 39 H2 
2, 39=N2 
oleate 
Ce Y=? 
3, 2uen2 
11,1591 
RB bhH$ 
5.76406 
1, 49401 
1, 78401 


3, 7fete2 
3, 7h ene 
3.79=%2 
3,90202 
5.60202 
{phe} 
1,coeor 
Boda’ 
2. Sh40 


TABLE 


Ge be tlt ys7r03e = 38) 


4Pe3S uPegZN 


5.15903 111903 
5.17203 11,1103 
§$.392003 1.16293 
7.59993 1,63=03 
2.96992 6.36203 
2,491 5, 36=02 
226th 48TH 
£57201 So57*0H 
AGRO, &L77406 
4, 26401 1.04404 


9.16-93 1.97293 
9.19903 1.9803 
9.51493 2.059938 
1.27292 2.74293 
4.50292 9,69903 
3.79291 7.95902 
BeZRH00 7 2haD] 
2.42401 5.21400 
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396 © 20 S.29t00 Le7OtKU 42,E3400 104400 1.27401 3.25401 Lethe d 354203 FC uueta 
3ou at 3.97496 1.25401 Z.o14l 7L77HO0 YEH HN2? 2, bR4EO2] BLSUHNd 2,9MMHNA 2,1 9Ns 
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I5CG 20 Le33el0 5,930) By 26501 1,650] 1.79900 4,13409 B80 CS 1,6 4064 1.59005 i 
$5ec at SoIP HY 2, 794ND TeebtCd 1.53400 2.0140) S, 90481 6.30004 1,293 Pt dens 

1590 22 Ce SSH SLITHL BLAPHMY 31,2940] P1742 S702 5,353003 1.27292 2.2038 

$5060 23 Ce DFHUD 1,12402 3639402 677491 1.17403 3,743 2, 79@N2 O,A5HN2 IW L11)Ue2 | 
1500 24 2.3647U 1697402 5699402 1.20402 2, 0b 403 Slt4end 49s? 1.2121 1,97 enQ | 


2900 16 BAB? 1LLA4eO] GLEN? 1yL14HN2 1VbH91 LLieeOL 4,6Bete B,17ePm Ur ben7 
220y 17 BO5e02 1, 24ent SL7TbHAN2 1,15992 T07TH01 101391 4, 74am OL 23"96 41207 
200q 18 LCR] Lee7aC1 0644992 1.2% 92 1.17991 1, 25201 S,ehete bet le6 4.53007 
2uny 19 S,euTHOL 1,500 1.30991 2.6P|!92 2,279) 2 BRWG! 1,U7"#05 1.32905 1, 94e09 
2cny 2¢ Le2heOQ GHG 1 AL MeROL Leebedd 1, BOF0G Glos O,83005 1 ,u5S\0d 1472S 
2606) Ok 2.eCHly 2.8240 7.72400 1.54400 2.23401 OLulthl 6,354904 3,30—03 2.) 7e04 
20% 22 2e5F ee O,21401 6.61401 1.32401 2.23402 SLABS S 4 ens 1.3% H2 2,122n3 
209 23 2.594 1619402 BL63402 7.2549] 1.27403 3.32493 2.99002 FL 3822 1 ereve 
2009 24 249M 2.20462 66735492 1,34402 2.35403 OL1F 493 S,54e02 1.37204 2,2 3e02 


| 
2000 15 By Atal 2 IY ,2Uel] SleMOe 1,15 902 LyeMHeOl 1 12H81 4,68 eM BL 1b=0h Lb e07 


